This paper examines the extent to which changes in global agricultural commodity price are transmitted to domestic prices in India and China. The focus is on short and medium-run adjustment processes using an error correction specification. In particular, we show that the extent of adjustment in the short and medium-run (from 0 to 3 years) is generally larger in China than in India. Second, the adjustment is larger for wheat, maize and rice than for fruits and vegetables in both India and China. In fact, the adjustment is the weakest for vegetables in both countries. Third, while most of the domestic commodity prices co-move with global prices, the transmission is incomplete presumably because of distortionary government interventions (e.g. subsidies for agricultural commodities) and failure to exploit spatial arbitrage. So potential benefits to farmers of higher food prices -especially in India-may be restricted, as also the supply response.
I. Introduction
This paper examines the extent to which changes in global agricultural commodity prices are transmitted to domestic prices in India and China. The focus is on short and the medium-run adjustment processes, drawing upon Baffes and Gardner (2003) and Mundlak and Larson (1992) . This is particularly important given the recent surge of oil and agricultural commodity prices. Among others, Imai, Gaiha and Thapa (2008) demonstrate that some price shocks are likely to persist for a long time As emphasised in a recent OECD-FAO report (2008) , while some of the reasons for spiraling prices are transitory (e.g. drought in Australia), there are also structural factors underpinning prices that will sustain them at higher average levels than in the past. The latter include steady growth in demand for food and other commodities linked to population and income growth as well as dietary changes in emerging economies (notably China and India). But there are also some sources of uncertainty: energy prices, the diversion of land and crops for bio-energy and climate change.
The next section describes the data and methodology.
II. Data and Methodology

Data
The present study draws upon annual commodity price data series both at the global and country levels for China from 1966 to 2005, 2 given in FAO-STAT and UNCTAD commodity price statistics. 3, 4 We have used the price data for wheat, maize, rice, fruits and vegetables for the world, India and China, respectively.
Methodologies
1 Other recent contributions include IFPRI(2007) , and Sarris (2008) . 2 See Imai, Gaiha, and Thapa (2008) 4 A discontinuity is found between 1990 and 1991 for most of the commodity prices for China in FAO-STAT data series. The reason for the discontinuity is not clear because FAO simply makes available the old data prior to 1990 which the Chinese government reported without giving any explanation for the change of the criteria. We have rescaled the data using the change of CPI from 1990 to 1991 to make the two series comparable. A cautious interpretation of the results is thus necessary. of all, in order to see if the price data for the world, India and China are stationary, we carry out a variant of the augmented Dickey-Fuller test in which the time-series is transformed via a Generalised Least Squares (GLS) regression based on Elliot, Rothenberg, and Stock (1996) . This has significantly higher power than the previous versions of the augmented Dickey-Fuller test. We perform unit root tests for both levels and logarithms of price series.
The most straightforward test of price transmission is to run the OLS regression for equation (1), as in Mundlak and Larson (1992 (Baffes and Gardner, 2003) . Consequently, the regression results are no more than a first approximation to the results based on the error-correction specification in Baffes and Gardner (2003) .
A logarithmic transformation of (1) is:
In this case, β ′ expresses the percentage change of The caveat for (1) stated earlier applies to (1)' as well.
We could restrict the parameters of (1) or (1)' according to H 0 . That is, under H 0 , (1) or (1)' is equivalent to testing for unit root in the following equations.
We will perform the unit root tests based on a Generalised Least Squares (GLS) regression. If the price difference is stationary, then one can conclude that domestic prices would follow the world price in the long run (Baffes and Gardner, 2003) .
To test more precisely the short and long-run adjustments, we need to introduce lags of 
We impose homogeneity restriction on (3) (Hendry et al. 1984 (2), all series in (4)' are stationary. Because of the one-to-one correspondence between the existence of cointegration and an error correction specification (Engle and Granger, 1987) , examining stationarity of (2) or (2)' is equivalent to testing the restrictions imposed on (3), yielding (4) or (4)' (Baffes and Gardner, 2003) .
In equation (4) or (4)', β shows short-term adjustment, that is, how much of the price change in world price series in the current period is transmitted to the price change in domestic price series.
γ is the adjustment coefficient; that is, how much of the difference between the world and domestic prices in the previous period would affect the price change from the previous period to the current period. For example, a positive coefficient implies that if the world price was higher than the domestic price in the previous period (e.g. a surge in oil price raises global commodity price), the domestic price tends to rise with a lag.
An important question is how long does it take for the domestic commodity price to adjust to the international commodity price. Let k be the extent of adjustment which takes place in n periods where the current period is defined as n =0 and the next period is n =1. Baffes and Gardner (2003) show that k is given by
For brevity, we report below the adjustments in one, two and three years in each case.
III. Econometric Results
In this section we will summarise the econometric results based on the model described earlier.
First, we carried out DF-GLS tests for price series in logs and not in logs. Table 1 shows that most of the price series in logarithm for the world, India and China are I (1) except the world rice price and maize price for India (I(0)). The results are consistent with graphical representations of log commodity prices shown in Appendix 1 -Appendix 4. We obtained similar results for prices not in logs, that is, most of the price series are I(1) except world prices for wheat, rice and maize (Table 2) . Also, most of the price series in logarithm for the world, India and China are I(1) except world rice price and maize price for India (I(0)). Table 3 gives the results based on the error correction model corresponding to equations (4) and (4)' for India. The adjustments in 1, 2 and 3 years, based on equation (5), are shown in the last three columns. Short-run effect denotes instant adjustment or in year 0. This is then modified by the adjustment coefficient in subsequent years. The adjustment patterns are similar for wheat, maize, and rice. Specifically, the short-run effects of 23% for log prices and 30% to 34% for unlogged prices are adjusted upwards in 3 years to 45%-62% for logged prices and 63% to 78% for non-log prices. The adjustment effects for fruits and vegetables are weaker. The initial adjustment of 13% for log price of fruit (or 10% for non-log price) rises to 47% (or 35%) in 3 a. ** = significant at 1% level. * = significant at 5% level. + = significant at 10 % level. Table 4 contains the results for China. The results show that the short-term adjustment coefficient for China is higher than that for India in most of the cases except unlogged rice prices, which suggests that price transmission is quicker in China than in India. 5 The amount as well as the speed of adjustment differs considerably across different commodities. For example, the extent of adjustment of log of wheat price increases from 51% to 56% from 0 to 3 years, while the complete adjustment occurs instantly for unlogged wheat price. The price adjustment for maize increases from 51% to 89% for logged price and 40% to 86% for unlogged price. The results of rice price for China are similar to those for India. Price adjustment for rice changes from 30% to 64% for logged price and from 20% to 64% for unlogged price. Both fruit and vegetable prices for China, however, adjust faster. The initial adjustment of 35% for logged fruit price (or 36% for unlogged price) increases to 86% (or 94%) in 3 years. Adjustment for vegetable price is the smallest among all commodity prices.
The initial adjustment is 19% for logged price (or 9% for unlogged price) and increases to 54% (or 32%). 0.376 Note a. ** = significant at 1% level. * = significant at 5% level. + = significant at 10 % level. (2003), we present the regression results, based on equations (1) and (1)', and the results of unit root tests for (2) and (2)' in Table 5 for India and in Table 6 for China. As most of the price series are I(1), the regression results have to be interpreted with caution.
Following Baffes and Gardner
Somewhat surprisingly, the patterns of the results across different commodities in Tables 5&   6 are different from those in Tables 3 & 4 . For India (in Table 5 ) we find relatively higher coefficient for fruits (0.67 for logged price and 1.11 for unlogged price) or vegetable price series (1.72 for logged price and 0.69 for unlogged price) than the other price series.
Consistent with these results, Appendix 1 shows that prices of fruits or vegetable for China appear to move more closely with world price than other price series. For wheat, maize, and rice the coefficient estimates range from 0.35-0.50 for logged prices (or 0.30-0.50 for unlogged prices), denoting the extent of adjustment in 1 year (Table 3) .
We have carried out cointegration tests (i.e. DF-GLS tests) for the difference of domestic commodity prices and world commodity prices. For India, most of the price series are cointegrated, implying that domestic and world commodity prices are integrated except logged prices for fruits and vegetables. Table 6 shows the results, based on Mundlak and Larson (1992) or equation (1) or (1)', for China. In this case a relatively low coefficient, 0.16, is obtained for logged wheat price (0.66 for unlogged wheat price). Higher coefficient estimates ranged from 0.91 to 1.13 for logged prices of other commodities (namely, maize, rice fruit and vegetable). This is consistent with graphs of commodity prices for China in Appendix 2. For unlogged prices of these commodities, coefficient estimates range from 0.52 to 0.85. The reason for the variation in coefficient estimates is not obvious, and the results must be interpreted with caution as most of the series are non-stationary. It is not easy to generalise from these results, but the evidence suggests that commodity prices in China are more deeply integrated with global prices.
We have carried out DF-GLS tests for the differences of domestic commodity prices in China and world prices. Most of the cases show that the price differences are I(1) except vegetable price for which the difference is I(0), suggesting that domestic vegetable price is cointegrated with world vegetable price.
There are a number of potential reasons why commodity prices in China are more closely aligned to global prices than in India. One of them would be the difference in infrastructural development in two countries, as better infrastructure (e.g. road or railway networks) will more easily connect regional markets scattered across the country and facilitate the price transmission process -especially because of the huge areas of these two countries. Table 7 summarises evidence on the growth of food trade and infrastructural development in India and China. The first two columns of the upper panel of Table 7 show that food trade, in China and than in India. Table 7 thus sheds some light on why China with better infrastructure (e.g. paved roads) is more deeply integrated with the global market. larger in China than in India. Second, the larger adjustment is found for wheat, maize and rice prices than for fruits and vegetables in both India and China. In particular, the adjustment is the weakest for vegetables in both India and China. Third, while most of the domestic commodity prices co-move with global prices, the transmission is in general incomplete presumably due to distortionary government policies, such as subsidies for domestic agricultural commodities and failure to exploit spatial arbitrage. From this perspective, the potential benefits to farmers and a larger supply response are likely to be somewhat restricted. 
